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THE EFFECT OF METHODS OF TESTING ON THE ULTIMATE
1.04DS SUPPORTED BY STIFFENED FLAT SHEET
PANELS UNDER EDGE COMPRESSION

By Marshall Holt
SUMMARY

Two serles of stiffened flat sheet specimens were
tested under edge compression using various end condi-
tions: round ends (knife-edge bearings), flat ends, and
continuous panels. The specimens consisted of aluminum-
alloy flat sheet stiffened by three hat-shaped extruded
aluminum-alloy stiffeners. One series of specimens used
B.& S. No. 10-gage (0.102 in. nominal) sheet and the
other used B. & S. No. 16-gage (0.C51 .in. nominal) sheet.

The results of the tests indicate that in the re-
strieted range of slenderness ratios considered, the
length of srecimen has an insignificant effect on the ule-
timate comrressive load. The coundition of the endsL
whether round or flat, has only a small effect on the
strength of the specimen if the buckling strengths of the
sheet panels and stiffeners are nearly equal. In the case
of specimens where either the sheet or the stiffener is
relatively stronger than the other, tkhe use of .flat ends
will result in a higher test load than will the use of
round ends. The wltimate loads supported by specimens
continuous over several hinged supports are close to those
supported by simple specimens tested with flat ends.
Testing continuovs specimens offers a means of obtaining
high vltimate loads without introducing the questionable
high degree of end restreint involved in the ordimnary
flat~-end test.

. INTRODUCTION
Stiffened sheet is widely used as a strength member

in aircraft and other lightweight construction. The prin-
cipal loads lie in a plane parallel to the sheet and act
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in the direction of the stiffeners. - In cornection with
the design of stiffened slheet for use in aircraft, menu-
feecturers freguently base the strength of a unit of the
structure on test results from small specimens represent-
ing that particular design rather than rely entirely on
computations or on the test of a complete unit. Usually
the procedure consists in preparing a panel using the
sheet thickness and the stiffsner spacing proposed for
the new design. The length of the panel is made equsl to
the spacing of the transverse bulkheads or stiffeners,
and the width is some dimension that can be accommodated
by the testing eguipment. After the spscimen has been
machined so that the ends are flat and parallel, it is
loaded to failure in edge compression in a testing ma-
chine.

In making tests on small panels, the method of test-
ing is often partly dependent on the design assumption,
such as the assumption of rero restrsint 2t tae trans-~
verse supports, In this case, the specimens wonid prob-
ably be loaded through bearingz blocks with knife edges or
some other device that produces & small recistance to the
rotation of the ends of the specimen, The essumption.of
& large amouvnt of restraint or complete fixity at the
ends of the panel length would be a bagis for using some
other type of loading device,

Tests were outlined to sinow tane effects of different
methods of testing on the ultimate gtrength of the speci-
men, wilth the belief that this informstion should be of
considerable value to tnose responsible for establiiskhing
methods of routine testing in the aircraft industry.
Tests were included to show the effects of extreme care
in the preparation and alinement of the specimens.

3

DESCRIFTION CF SEECIMENS

The specimens used in this investigation are shown
in figure 1 and asre described in tavle I. The specimens
with 10-gage sheet were designed to develop a stress at
fallure in both the sheet and the stiffener aprroximately
equal to the yield strength of the materisl. The maximun
unsupported width of any flat section in these specimens
is about 18 times the thickness of the skeet and the
spacing of the rivets is about 16 times the thickness of
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the flange of the gtiffener, or about .12 times .the sheet
thickness, The basic length of specimen, 12 inches, gives
a slenderness ratio of about 21,which, according to studies
of column test data, should develop a stress egual to at
least the yield strength of the material in a tsst with
round ends,

. The specimens with l6~gage sheet were designed so that
the flat sheet would buckle at a stress somewhat below the
Yyield strength of the material. Since the stiffener sec-
tion is the same as that used in ths set of specimens with
. 10-gage sheet, the stiffener is relatively stronger than
the srheet in compression. W®When such a specimen is tested
to failure under edge compression, the effective centroid
of the section shifts as the buckling of the sheet pro-
gresses. Because of this shift in the position of the ef-
fective centroid, the method of test, whether witkh round
or flat ends, i1s of much more importance then in the case
of a more compact or & symmetrical section where the ef-
fective centroid does not shift ss the ioad increases.

The mechanical nroperties of the materials used are
given in table II and are in accord with the specifica-
tions for these materials. =

The ends of all specimens, except specimen E in each
series, were machined flat and parallel within the limits
noted in table I before they were tested. The flatness
of the ends was checked by thickress gages and a2 surface
plate, end the parallelism of the ends was cnecked by
measuring the length of the various elements of the aross
section with an outside caliper, which used a dial gage
as a measuring device., The -dial gage was graduated to
thousandths of an inch movement of the pilunger so that
differences of (:.0002 inch in the lengths of the various
elements could be estimated, -

In the case of specimen E of each series, the ends
were merely sawed square by means of & movTable-blade band
saw. The cuts were made using orly a slight pressure on
the saw blade (2 1b), but no special jigs were used to
hold the specimen. Le measurements vith the outside cal-
iper indicated that the variation in the lergth of the
elements of the sheet was Q. 0115 inch 4in the case of the
10~gage sheet but only 0.00580, inch in tae case of .the 16-
gage sheet. A much larger varistion was found between
the elements of the sheet and those at the tops of the
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‘stiffeners. As shéwn. in table I this variation amounted
to about 0.089 inch. The out-of-flatness of the endb as
revealed by comparison withra surface plate was aboud

O 014 inech 1n both ceses., .

TESTING EQUIFNENT AND METHODS OF TEST

Thé‘éompressive'tests on a8ll the stiffened flait sheet
panels except -specimen B were made in a multiple-capacity
Amgler hydraulic-type test1nv mschine, the maximum- capac-
ity of which is 300,000 pounds. In the tests of the spec-
lmens with 10~gages sheet, the 200,000-pound losd range was
uged, and:in the tests of the specimens with 16-gage sheet
the 100,000~-pound loed range was used, The testing machine
is - periodically inspected and in the recent calibration it
was found to measure loads correctly within 1 percent.

‘The lower. head of the testing machine is provided with a
pair of tapered leveling rings by means of which the platen
can be tirped about any axis in tne plane of the surface.,
¥ith this device the upper and the lower platens can be
alined parallsel within less than 0.0005 inch per foot.

This adjustrent of the platens counteracts the small errors
in the lead screws of the testing machine.

The test on specimen H (only in the 1l6-gage sheet’
series) was made in a four-screw Olsen universal testing
machine of 100,000-pound capacity. Tne platens of the-
testing machine were hardened steel plates without spiaer-
ical seats or other devices to correct for nonparalleliism.,
A calibretlon made just before ths test showed the macihine
to measure loads correctly within *1 percent.

A numvder of different losding conditions-was used - in
these tests. For -the varionus specimens of the two series
they were as follows:

~ Specimen &. Platens supported on knife edges
were used at each end of specimen A as indicated
in figure‘z. By means of the special leveling
‘'rings mentioned, ihe platens were alined parallel,
in the direction of. the knife edges, within 0.0005
ineh in 12.5 ifiches. "Since tkey were free to tip
in the other dlrection,'there was no adﬁuétment to
be made.' The specimen was. 93 incdes'long and the
platens were" ll inehed: thic& so-the-centers of
rotation were 12 inches apart. The specimen was
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carefully centered by measurement so that the cen-
troidal axis of the ends of the specimen coincided
with the plane of the knife edges. Ian order %o

remove any initial tramsverse curvatire, ths sreci-

men was clamped between a paﬂr of 1/2-*nch square
steel bers at each end.

Specimen B. The ec¢uipment for specimen B was
the same as that used ir'the test of specimen A.
Tke specimen was centered under load, that is, it
was shifted laterally with respect to the plane of
the knife edges at zero load following successive
loadings until strsin measuremen®ts on %the sheet
end the stiffeners indicated that the stress was
nearly uniformly distributed. In the case of the
specimen with l6~gzage sheet the position finally
used in the loading to desi=uction indicated a
ghift of about 0.03 imch at the $Sop and a shift in
the opposite direction of about ‘0.C5 inch at the
bottom, with respect to the position wused im tle
test of specimen A. The final mosition of the
specimen with 10-gage sheet indicated that the
shift was practically zero.

Specimen . Specimen € was tested as & col-
umn with flat exnds, that is, the platens vere
fixed against tipping ard turning. {3See fig. 3.)
4 pair of small gugle bars was ciampsd to the _
specimen to remove any initial lateral curvature,
The specimen was then cazrefully centered on the
lower platen. The length of the specimen was 172
inches. The resuits of 2 large number of column
tests made in this machine in this manrer indi-
cated that .the flat-end condition is practically
equivalent to fixed ends. The woffective slender-
ness ratio of this specimen is thus one half that
of specimens A and B tested with.round ends. Be-
fore the test, the platens were alined. parallel

w1th1n 0.0003 inech- in 12. 5 inches.

Srecimen D. The method of test for specimen
D was the same as trat used fcr specimen C. The
length of tae specimen was 24 inches; so the ef-
fective slenderness ratio was equal to that of
specimens A and B. Tae .platens were alined par-
allel within 0,0005 inch in .12.5 inchkes.
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Specimen T. The sgquipment and the setting
of the platens for svecimen T were the same as
used with specimen C. The specimen was the
same as specimen C except, as already ment Ltoned,
the ends were sawed but not machined. 1In cen-
tering the specimen in the testing machine it
was found necessary to hold the specimea verti-
cal on the lower platen, This added operation
was necessary because the ends of the specimen
were not normal to the axis of the specimen,

Specimen ¥. Specimen ¥ was supported lat-
erally at intermediate points so that it was
continvous over three panels. The test set-up
and the supporting frame are shown in figures

4 and 5, The platens were fixed against tip~-
ring and turning and were alined parallel with-
in 0.0005 inech in 12.5 inches. OCne-~inch square
bars wers securely.atteched to the specimen by
means of screws through the flanges of tae
Btiffeners and _the shest and were taresded into
the bars. The bars in turn were connected to &
frame consisting of 4-inch steel I-beams sup-
ported by the upper casting of the testing me-
chine. The connecting rods were provided with
& reduced section near each end in order t¢
minimize any rotaiting moment resulting from the
relative vertical movement of the specimen and
the frame, These reduced sections also mini-
mized any restraint to rotatlon of the panel
point at impending failure of the speclmen.

The specimen was centéred in the testing machine
and ‘placed under a load of 5000 pounds before
the supporting rods were adjusted. After the
Huggenberger tensometere had been attached to
the specimen, the nuts on the supporiting rods
were tightened in such a manner that the speci~
men was not. stressed by being forced out of its
own plane, It was found that the tensometers
gave a very sensitive indication of the forcing
of the specimen. The spacing of the bars, and
thus the length of the individual panels, was
12 inches, o '

Specimen ¢. The set-up and tae method of
adjustment for specimen G were tke same eas used
for specimen F except that this specimen wvas

continvous over five panels,
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Specimen BE. Specimen H was the same as
specimen ¢ and was tested in a screw-power
machine, the hardened steel platens giving a
condition consldered equivalent to flat ends.
There being no device to correct for nonparal-
lelism of the heads, the platens and the spec-
imens were tried in a number of relative po-
gitions to find the position that gave the
most nearly uniform distribution of load.

Strains parallel to the stiffeners were measured at
a number of statlons or each specimen by means of
Huggenterger tensometers using a l-inch gage length.
The tensometers were mounted in pairs: one on the sheet
eide of the specimen and one directly opposifte on the
stiffener. 1In general, the stress was investigated at a
larger number of stations than the number of tensometers
available; the specimen was therefore reloaded a number
Of times in the range of elastic stresees, the tensome-
ters being shifted to new statlons between loadings.
The load was applied in increments so that the load-
stress curves could be drawn. o

In the tests of specimens P and G, deflectlons of
the outside stiffeners were measured relative to the
steel I-beams of the supporting frame. Stations were
located at the supporting bars and at the center of the
panels,

RESULTS AND DISCUSSION

The strains measured 1n these tests were interpreted
Into stresses by simply multiplying by 10,300,000 pounds
per square inch, the generally accepted value of the mod-
ulus of elasticity of the aluminum alloys, In view of
the large amount of such data obtained in these tests,
only a few load-stress .relations are presented herein,
Figures 6 and 7 show.the load-stress relations for speci-
‘"men A-10. The locations of the-gage lines.are indicated
on the figures.  Stresses are shown for both the sheet side
and the stiffener side of the speclmen. The amount of
bending in the specimen is indicated by the lack of agree-
ment between the O and the X data points (stress in
the sheet and stress in the stiffener, respectively); the
varlation in the stress across the section is indicated
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by the spread between the fata points and the solid lines
representing the average stress, total load divided by
the cross-sectional area, P/A.

The variation of stress shown in figure 7 is grcater
than for the other specimens except those of- types B and
H, which will be discussed later. The specimens of the B
type, centered under load, gave the most rearly unliorm
distribution of strese,

The load~gtress relations shown in figures 8 and 9
were obtained with specimen B-16, which had ends prepared
by sawing. As would be eupected from the out-of-flatness
and the nonparsllelism of the ends, the sgtress distribu-
tion between the sheet and the stiffeners is far from
uniform; the stress distribution across the sheet, how-
ever, is fairly uniform. It happens that in these speci-
mens the sheet is stressed more highly than the average
and the tops of the stiffener sections are siressed less
highly than the average. The indication is that, at
first, the specimen was loaded only on the sheet. Under
increasing loads., the specimen deflected until the ends
were 1n uniform contact with the bearing plates in the
neighbdrhood of 15,00C to 20,000 pounds..

The load-stress relstions obtsined with specimen
H-16 show that the stress distribution was far from uni-
form but not as bad as that shown in figures 8 and 9 for
specimen E~16. The digtribution of stress across the
specimen from one edge of the sheet to the octher was,
however, not so good. In this case, the stiffeners, 1in
general, were loaded more heavily than the shest.

The specimens with 10-gage sheet suddenly feiled
when the sheet buckled between the rivets, the bduckle ex-
tending the full width of the sheet. In some cases the
wave pattern in the sheet was not apparent before the
collapse of the specimen, whereas in other cases ths for-
mation of the wave was apparent at a lcad a few thousand
pounds less than the ultimate load. The flangses of the
stiffeners were badly-distorted asdjacent %o the dbuckle in
the sheet and s few rivets failed in combired shear and
tension.

The failures of the specimens with 16~-gage sheet
were preceded by the formetion and the growth of a wave
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pattern over the entire .shest, even in the case of the
continuous specimens. The pattern was first discernible
at average stresses in the sheet between 31,000 and
36,500 pounds per square inch.

} Table III gives the ultimate loads and the relative
strengths with the values for specimen A taken as a basis
of comparison in both thicknesses of sheet.

The difference in the nltimate loads of specimens
A-10 and B-10 is only 2.5 percent and is probabdbly brought
about by the more uniform stress distridution resulting
from centering under load. The ultimete strengths of
specimens A-16 and B-16, however, indicate no benefit
from the greater care of centering under load.

The ultimate load of specimen C-10 is only a little
greater than that supported by the specimens tested with
round ends. Since the effective slenderness ratios of
the specimens are so small, 10 for flat ends and 21 for
round -ends, and since the failures occurred by buckling
at stresses so near the yield strength of the materiel,
this small difference is not surprising. It is shown in
reference 1 that, when the column strengths are near the
¥Yield strength, the effect of the end conditiong is
slight for effective slenderness ratios up to about 20.
For more sturdy specimens in which failures do not occur
by local buckling, the effect of the end conditions is
quite apparent, )

The ultimate load of specimen C-16 is about 12 per-
cent greater than those supported by the speclimens tested
with round ends. This difference is considerably greazter
then that for the .specimens with 1l0-gage shset. The
greater difference may be explained as follows: The
fallures of the specimens tested with round ends followed
closely after the formatlion of the buckles in the sheet,
In the case of the specimens with l6-gage sheet the buck-
les formed at stresses much lower, relative to the yield
strength of the material, than in the case of specimens
with 10~gage sheet., Since the effective centroid of the
section shifted as the buckling of the sheet developed
and since the line of action of the load was fixed by the
knife~edge bearings, there was an effective eccentricity
that increased as the test progressed, tending to bring
on early failure., Now, in the case of the specimen tested
with flat ends, although the shest buckled at about the
same stress as in the test with round ends, the line of
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action of the lond shifted with the changing effective
centroid because the heads were fixed against tipping;
consesquently, there was no effective eccentricity and less
tendency for eariy fallure. From this discuvssion and
these data, one should expect the difference in the re~
sults of tests with fiat ends and 'with round ends to in-
crease as the thickness of tbhbe sheet decrsases.

In the comparison of the results of the 12~ and 24-
inch specimens (C and D), it is seen that the correspond-
ing vealues agree within about 3 percent. As pointed out,
the difference in lengths should have a relatlvely small
effect on the ultimate loads supported becavse the stiresses
are 80 near the compressive yield strengths and the fail-
ures occurred by local buckling.

The comxparison of the ultimate strengths of specimens
C and % shows that the specimens vwith sawed ends are weaker
by about 5 to 7 percent than those with carefully prcpared "
ends., This difference might have been in the opprosite di-
rection had the sawed ends been such as to yproduce the
bhigh gtresses in the stiffeners that are relatively strong-
er than the sheet. '

_ The ultimate load of continuous svecimen F-~1l0 is the
greatest for the specimens vith 10~-gage sheet and that of
F-16 is practicalily egual to the greatest Tor the speci-~
mens with lé-gage sheet. The ultimate loads agree better
with the results of tue tests with flat ends than they do
with the results of tests with round ends. As was printed
out in conmnectlon with specimens of types A, B, 'and 0,
these stiffened flat sheet specimens 4id not fail by
column action bdbut by loecal duckling of the sheet. Since
the type F srecimens were so uniformly loaded and free
from deflection as a unit, the line of action of the load
could shift with the center of resistence of the specimens,
giving the same condition as in the specimens with flat
ends.

The ultimate loads of the type ¢ specimens, continu-
ous over five panels, are within 4 percent of those sup-
ported by the type F specimens with three continuous pan-
els,

The measured deflections of the continuous specimens
indicated some movement of the specimen relative to the
supporting frame, Rather than deflectirg intoc a curve
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with points of contraflexure at the points of support, the
specimens deflected into .ecnrves with two points of contra-
flexure in each panel., In other words, the centers of all
paneis deflected in the same direction, rather than adja-
cent panels going in opposite directions,as would uvrdoubt-
edly be the case 1f the slenderness ratio of the segments
were great enough for column action to be present,

The ultimate strength of specimen H-16, which was
tested between nonparallel bearing plates in a screw-power
machire; is about 2 percent less than that supported by
specimen C-16, which was tested with carefully alined tear-
ing plates in a hydraulic-power machine, and is about 5
percent greater than that supported by specimen B-16, which
had sawed ends. ’

The ultimate loads and the average stresses at fail-
ure for specimens of types C, D, P, and.- G are within 2 per-
cent of the average of the four individual valumes, This
agreement would indilcate that, for specimens dassigned to
fail at stresses near the yield strength of the material,
the length of the specimen is of insignificant importance
provided the effective slenderness ratio does net exceed
about 20. It is also indicated that specimens continuous
over several short panels support uvltimate loads nearly
equal to those supported by simple specimens with flat
ends. .

CONCLUSIOQHS

The following conclusions were drawn from the data
and the discussion presented in this report and apply to
stiffened sheet panels which have effective slenderness
ratios less than about 20 and are designed to fail at
average stresses (P/A) close to the yield strength of the
material; .

L, In the restricted range of slenderness
ratios under. consideration, the length of the
specimen hag an insignificent effect on the
ultimate compressive load supported by the
specimen,

2, The condition of the ends, whether
round or flat, has only a small effect on the
strength of the specimen if the buckling
strengths of the sheet and stiffeners are nearly
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equal. In the ¢ase of ‘specimens where either the
sheef or tihe stiffener i1s relatively stronger than
the other,.thée use of fiat-ends will:result in a
higher test locad than will the use of round ends,

3. Por the type of specimens under consid-
eration, the added refinement of centering under
load in tests using knife-edge bearings does not
appear . to be justified By the difference in the

‘ultimate loads of .specimens centered by this pro—

cedure osnd specimens centered by direct measure-
ment to the centroid.

4, Tna ultimate ioads supported by the con~
tinuvous specimens are close to those supporied by
simple specimens tested with flat ends. Contin-
uous specimens with hinged supports at the panel
pointes offer a means of obtaining a high ultimete

. load without introducing a degree of end restraint

at the panel points greater than that present in
the prototype, In this resnect, the continuous-
panel test is superior to the ordinary flat-end
test because, in flat-end tests, one cannot Dbe
gure that-the degree of end restraint does not
exceed that encountered in the prototype.

5., The precision with which the ends of the
specimen are finished flat and parallel as well
as the care exercised in the alinement of the
specimen in the testing machine have no consistent
effect on the ultimate loads supported by the

.8pecimens, but they are reflected ir a more nearly

uniform. distridbution of the etresses neagured in
the elastic rangs.

6., Wnether short gpecimens are tested in a
hydraulic-power testing machine or in a screw-
power machine seems t0o make no difference in the
ultimate loads. .In elthér case the stress dis-
trivution should be made as nearly uniform as
possible "by the use ' of well—prepared specimers
and .parallel platens.

Aluminum Research Laboratories, -

Aluminum- Company of America, '
New Kensingto;,'?a., April 18, 1941,
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TABLE I

TESCRIPTICN OF SPECIMENS AND RESULTS OF TESLS

Inds flat| Croes~ |Ultimote| Aversge Wave pattern
and gectional| load, gtress, End noticeable
Specimen| parallel | area, A P P/A condition| at load Renwrks
within in tast
(in.) (sq in.) | (1b) |(1b/sq in.) (1b)

A-10 0.0010 2.298 27,5001 42,430 Round 97,500 Centered by measuremsnt to centroid.
B-1C .0010 2.298 |2100,000| 43,520 Round 29,000 Centered by strain messurements.
¢-10 .0010 | 2.295 | 103,000 44,880 Flat 100,000 :
D-10 L0015 2.:891 102,400 | 44,700 Flat |-=——m—memeeee
E-10 .0390 2.295 97,750 1 42,590 Flat |- Sawed ends.
F-10 .0015 2.295 | 105,500 | 45,970 |Coutimmous!———————mmmm- Continuous over three panels.
3-10 .0020 2.300 101,500 | 44,130  Jontimnous 95,000 Contirmious over five panels.
A-16 0015 1.766 68,600 f 38,870 Round 55,000 Centered by meagurement to centroid.
B-16 .00156 1.765 68,000 | 38,53C Round 60,000 Centered by straln measurements.
C-16 .0010 1.766 - 75,600 | 43,240 Flat €3,000
D-16 .0010 1.769 74,300 ¢ 42,000 Flat 62,000
E-18 0395 1.766 71,500 | 40,510 Flat 45,000 Sawed ends.
™16 .0010 1 768 76,400 | 43,210 [Continuous 60,000 Continuous over three panels.
@16 0020 1.772 b'75,(’)00 42,330 iContimious 65,000 Corntimious over filve panels.
E~-16 .0015 1.769 75,000 | 42,400 Flat £8,000 Tested in screw-power machine.

8 Hela texporarily.

b Held momentarily.
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TABIE IT

Nominal Tensile Tenslle Elongetion Compressiva
_ thickness gtrenzth yield sirength, in 2 in. yield strength,
¥orm Offset = 0.2% Offset = 0.24
(in.) (1b/sq in.) (1b/sg in.) (percent) (1b/sq in.)
10-gage sheet 0.102 69,200 54,300 20.0 43,100
16-gage sheet 041 72,250 54,700 18.3 45,000
Stiffener .078 70,810 53,900 15.9 46,400
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TABLE I1I

RESULTS OF TESTS ON STIFFENED FLAT SEEET SPECIMENS

. 10-zage sheet l6-gage sheet
Specimen and
method of testing Ultimate | Relative | Ultimate | Relative
Mama ] e+ e nan pedelm Taed f10Y POy IR W
LOa | Ly SuldigFurl | t0ad (L) SUEEE vl
S un " g |
| Tested with round cnds (krnife
- adges) ccatercd by measurcment
N in hydraulic-type mochine with a7 500 1.00 68. 500 1.00
- - a 1 [ ]
heads aguipped with leveling
| 43 rings. Aecurately machined
T el ODAS .
_______ ‘e
— = Y— gy .
Testod with round ends (knife
. adeas) santarsa ymder lond in
= Tl TNy TR VA we \-u-nn: 18 ..: -
e hydranlic-type mechine with 100,000 1.03 68,000 0.99

heads oquipped wilth leveling

—_—a 4 — kT e aldea A
rlngB . ACCura bt;‘.l.y WY GLLL G0
ends.

*ON ©4OF T30TUUDe] WDHVH

113

91



TABLE ITI (Contizmed)

method of testing

Specimen and

10-gago sheet

l6-gage eheetl

Ultimete Relative
load (1b) | strensth

Ultimate Ralative
load (1b) | etrength

£L,

L

Tested with flat ends in hydrauiie-

P type machine wlth heads equipped
"' with leveliing rings. Accurately 108,000 1.06 76,500 1.12
nachined onds.
-"_ TRARETYEY
=, 1 Tested with flat ends in hydraulic-
a type machine with hoads equipred 103, 400 1.05 74,300 1.08

with leveling rings. Accureiely
machined onds.

-
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TABLE IIT (Continued)

10-gage sheet l16~gage ghest
1 and
mefi?:; :f?nteating Uitimate | Relative | Ultimate rRelative
load (1b) | strength | Load (1b) | atrength
. il
1
Tested with flat ende in hydrau-
= ic-type macline with heads
P equipped with levelilng rings. 97,760 1.00 ?1'500 1.04
Rough sawed ends.
TSRO
Lilrlis
AT
&=)
¢
It i i ’
= Tested as a colwmn continuous ’
_ S—Qt over three panels in hydraulic-
@ o tyve machino with hoade cquipped 105,500 1.08 76,400 1.11
Sl with loveling rings. Accuradely
8 mochined ends.
a -+
5]
L
i
i 1!_ - i
RETTEY g
I
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TABIE III (Concluded)

Spenimen and
method of testing

10~gage sheet

16-gaze shect

Titimate Reletlve
lond (1b) | strength

Tltimate Relative
load (1b) ! strcngth

Ly
— - -5
i
ni--4
= Topted as a column continnous
o a BEr emamnla Sw hodnalia
- ~—t | ] OVEr 1iV0 Pulcdd il Lydiauiloe™
G - I~ type machine with hesds cquipped 101,500 1.04 75,000 1.09
ht - with leveling rings. Accurately
2} mechined ends.
g | —-g
oM
i}
-L .l':\ RSN
T_ Ll it L
. [ Tested with flat ends in ecrew-
o) ) power mechive with hecds not o
"' equipped with leveling rings. 75,000 1.09
Accurately machined ends.
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NACA Technical Note No. 811 Fig. 2

p i e

Figure 2.- Test set—up using knife-edge bearing blocks
to produce the condition of round ends.



NACA Technicael Note No. 811l L Fig. 3
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" Figure 3.~ Test set-up using fixed heads of testing mechine
to produce the condition of flat ends, o
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NACA Techniocal Note Xo, 811 Fige. 8,7
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Figure 6.- Load-siress curves for stiffensd fiaf sheet under comprassive loed. 248-T gluninu=x;
specimen A-10; 10-gags sheet; thickmsss, 0.1008 inob; necsured siress = msasured lirl.‘l.n.
*x 10,300,000 1b per sq in.
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Figure 7.- Load-stress curves for stiffensd flat shewt undsr compressive load. 248-T aluainum alloy;

specimen A-10; 10-gagas sheit; thickness, 0.1008 iach; measured stress = messursd straln
x 10,300,000 ib per sq in.
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Tigurs 8.- lLoad-stress curves Zor stiffened fist shsat usder comprsssive load. 248-T; specimen E-18;
18~gage sheat; thickness, 0.0500 inch; messured stress = measured strain x 10,300,000 1b
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Figure 9.- Losd-stress curves for siifisned flat sheot uader compraossive losd. 4S-T aluwimum zlloy;
spsoimen E-16; 1l0-guge sdest; thickmnsis, 0.0500 imoh; seasured atresa = xoasured sirsixs x
10,300,000 1b per zq in.
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